Reliable equations of state are very important in the design of refrigeration cycles, since thermodynamic properties can be calculated by simple differentiation. In this paper, a new method to calculate the parameters of any two-parameter equation of state is presented. The method is based on the use of Clapeyron equation and the experimental PVT data. This method was tested on a newly developed cubic equation of state and proved to be simple and fast. Results showed orders of magnitude enhancement in prediction of the saturated vapor pressure even near the critical region. The Percent Absolute Average Deviation (%AAD) was always less than 0.1 in the studied cases. It also showed that the parameters calculated using the original equation deviate strongly from the "experimental" values as the temperature decreases below the critical point. This method can be used to redefine the temperature dependences of these parameters and develop new mixing rules for the mixtures.
Introduction
The refrigeration industry continues to undergo major changes as older refrigerants with high ozone depletion potential (ODP), primarily chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs), are replaced with newer refrigerants such as hydrofluorocarbons (HFCs) [1] . Since the HFCs have relatively large global warming potentials (GWPs) as compared to natural refrigerants, the search is still going for the next-generation refrigerants [2] [3] [4] . Hydrocarbons are one of the candidates for refrigerants of next generation heat pump and refrigeration systems. The hydrocarbons, which have zero GWP, have superior thermophysical properties as a refrigerant to fluorocarbons and are widely used in domestic refrigerators.
When selecting a fluid as a refrigerant, the vapor pressure curves of possible alternatives is what is first investigated. Accurate vapor pressure data are important for the design of process equipment especially in the field of refrigeration and air conditioning.
Experimental vapor pressure data, which cover the entire vapor pressure range, are very rare [5] . In addition, the design of refrigeration cycles requires accurate knowledge of the thermodynamic properties of pure and mixture refrigerants. Although there are a large body of experimental data on refrigerants in the literature, the amount of experimental data are still incomplete and different data sets are usually inconsistent [6] .
One of the major tasks of thermodynamics is the description of all functions with the highest accuracy. For this purpose fundamental multiparameter equations of state (EoS) have been developed. From these any thermodynamic function can be derived by simple mathematical differentiation [7] .
Originally, equations of state were used mainly for pure components [8] . Later on, they were used for mixtures. The mixture parameters are defined by mixing and combining rules using the pure component parameters. As a result, a technique must be devised to obtain pure component parameters for use in the equation of state before mixing and combining rules are tested.
In general, cubic equations of state have the following form [9] : Journal of Thermodynamics
The simplest method used to calculate the parameters (a and b) is to solve the thermodynamic critical point criteria for a pure material:
In the van der Waals equation of state, it is assumed that the parameters as calculated at the critical point are applicable at any temperature. However, to obtain better agreement with the experimental data, the parameters should be modified and make temperature dependent.
An alternative method of calculation presented by Panagiotopulos and Kumar [10] made use of the vapor pressure, the saturated liquid molar volume, and the phase equilibrium criterion between the liquid and vapor phases: equality of the fugacities. It involves the solution of a system of three nonlinear equations with four unknowns. One degree of freedom will be eliminated by using the liquid compressibility from the experimental data.
In this work a new method will be presented to calculate the pure component parameters for any two-parameter equation of state directly from the experimental data. A general equation of state for fluids recently derived by Dashtizadeh et al. [9] based on perturbation theory will be used as an example of this type of equations.
The Model
By imposing the critical point criterion, parameters a and b at the critical point are found as
Then a correction was made to the parameters and made temperature and acentric factor dependent
To satisfy the critical point criteria, α(T r , ω) and β(T r , ω) must equal unity at the critical point, therefore
The technique discussed below make use of Clapeyron equation:
where Δ trs S and Δ trs V are the entropy and volume of transition. The Clapeyron equation is an exact expression for the slope of the phase boundary and applies to any phase equilibrium of any pure substance [17] . When applied to the liquid vapor boundary, the entropy of vaporization at a temperature T is equal to Δ vap H/T; the Clapeyron equation for the liquid-vapor boundary is therefore dP dT
where
and the vapor molar volume is calculated from the equation of state as
substitution of (16) into (15) will result:
In addition, when
If PVT experimental data is available at saturation, then a simultaneous solution of (18) along with the Clapeyron equation, Equation (17), will result in the "experimental" values of the parameters a and b.
The enthalpy change of vaporization can be calculated from the departure function [18] : 6 12.50 14.39 [16] a Percent Average Absolute Deviation, %AAD = (100%/n)
Substituting for the derivatives in (19), the enthalpy departure function becomes
where B = bP/RT. Following this procedure, experimental phase equilibrium data can be reproduced exactly using simple equations without calculating fugacities. In addition, the dependence of parameters a and b on temperature can be determined and analyzed directly using the experimental data with no assumptions.
Results and Discussion
Data for seven species was used to investigate the validity of this procedure, and the experimental parameters were compared with those obtained by Dashtizadeh et al. equation of state. The experimental and calculated parameters for these species are shown in Figures 1 and 2 .
An overall look at these figures shows that there is a difference, and the difference increases as temperature decreases below the vicinity of the critical region.
The results of calculating the vapor pressure using the experimental parameters showed that the prediction capability of the vapor pressure enhanced appreciably as shown in Table 1 .
The dependencies of parameter a and b on temperature were also studied. As expected, the parameters showed significant temperature dependence. The difference between the calculated and experimental values of the parameter a increased as the temperature decreased below the critical point. This is expected since the calculated parameters must satisfy the critical point condition. However, the experimental and calculated values converged to the same value not exactly at the true critical point but near the critical point. This shift in the critical point is due to the difference between the true critical compressibility factor and the one predicted by the equation of state, Z c = 0.333, which is overestimated since the true critical compressibility for different hydrocarbons varies from 0.24 to 0.29 [8] .
Almost linear relationship was found with temperature for the studied systems; as shown from the experimental values of b, while the calculated values from the original equation of state deviate strongly as the temperature decreases below the critical point.
This suggests that the proposed functionality of temperature could be redefined based on this method of calculation to get more accurate prediction of the PVT data.
On the other hand, the enthalpy change of vaporization was also calculated using the original parameters, and the parameters calculated using the proposed method and compared with the experimental data as shown in Table 2 . Although some of the investigated species-such as simple molecules (Argon), hydrocarbon (Ethane), and nonhydrocarbon (SF 6 )-showed comparable results with that calculated using the original parameters, others showed larger deviations. Accuracy of the experimental data and the dependency of departure functions on the derivatives of parameters a and b play a significant role in such a calculation. 
Conclusions
A new simple method was proposed to calculate the parameters of any two-parameter equation of state. This method is based on the use of Clapeyron equation along with the experimental PVT data. Test on seven species showed that the prediction of the saturated vapor pressure was enhanced in orders of magnitude for most of it. Enthalpy change of vaporization showed comparable results for some of the studied species, while others showed larger deviations. It is strongly believed that this method will result in developing new mixing rules since it will allow for the use of experimental data rather than optimized parameters. It will also allow the development of more accurate functions of temperature for these parameters. 
